I. Introduction
Surfactants are widely used in the chemical industries, and the dodecylbenzenesulfonic acid (DBSA) is one of the very important anionic surfactant which can be used as a brønsted acid-catalyst in a wide range of chemical reactions. DBSA had the dual role of surfactant and acid catalyst (Shrikhande, 2007) . In many studies, the role of DBSA has been investigated as an acid catalyst for the esterification (Jing, et al., 2008) , dehydration (Chai, et al., 2007) , Mannich type (Shiri and Zolfigol, 2009) , and thiaMichael addition reactions in water (Manabe, et al., 2002) . The hydrophobic property of DBSA has also been studied (Manabe, et al., 2001) . As a dopant, DBSA has been tested in the synthesis of poly-aniline (Haba, et al., 1999; Machado, et al., 2006) . Moreover, the large alkyl groups of DBSA can improve the melting and solution processability for the poly-aniline (Han, et al., 2002) . The study of the thermodynamic properties and the intermolecular interactions for the binary mixture of DBSA-acetone system is very important in the modeling, design, and optimization of the chemical industrial processes. The behavior of the solution and the type of interaction has been explained through the present study, and the data provided may play a vital role in the industrial synthesis of many organic products, solvent extraction, and many other mass transfer phenomena. Acetone has been chosen as a solvent in the present work because of the high polar and self-associative nature of it. Many of the spectroscopic studies have focused on the acetone (Schindler, et al., 1982; Ancian, et al., 1983; Knözinger and Wittenbeck, 1984; Jalilian and ZahediTabrizi, 2008; Shikata, et al., 2012; Kollipost, et al., 2014; Srivastava, et al., 2003) . In a recent research, the shift in the frequency of C=O and CH 3 group has been interpreted (Arivazhagan, et al., 2015) . A combination of bronsted acid+ hydroxymethyl group binary system was discussed in a recent paper (Liu, et al., 2017) . To the best of our knowledge, no work has been focused on the DBSA-acetone mixture which is used industrially and deviate from the idieality of the pure liquid state leading to the errors in the equation of state calculation and the other thermodynamic calculations. The deviation from the ideality can affect the design calculation for the industrial units, which contains a binary liquid system of DBSA-acetone. The novelty of this paper depends on the analysis thermodynamic properties and interactions between the molecules of DBSA and acetone. The objective of the present work is to provide an experimental data of density, viscosity, and surface tension for the pure compound and the thermodynamic excess volume, viscosity deviation, surface tension deviation, and excess Gibss free energy of activation for the binary mixture of DBSA-acetone system. Moreover, the intermolecular interaction has been investigated using the Fourier transform infrared (FTIR) spectroscopy method.
II. Materials and Procedure
A. Materials DBSA (>0.99) was procured from Shanghai Hanhong Scientific Co.,Ltd., and acetone (>0.997 GC) of a high chromatographic purity was procured from Sigma-Aldrich. No further purification has been done for the reagents. All the chemical materials used were analytical reagents.
B. Measuring and Procedure
An electronic balance with a precision of ±10 −4 (OHAUS) has been used in the preparation of (0.1-0.9 mole percent) of DBSA-acetone binary mixtures. The experimental uncertainty of mole fractions were <±0.0003. Density of the pure and DBSA-acetone binary mixtures were measured using AntonPaar dens meter (DSA111 5000) with uncertainty in density of ±2 × 10 −3 kg m −3
. Anton-Paar viscometer has been used for measuring the dynamic viscosity (η) of the pure and binary liquid mixtures for DBSA-acetone with uncertainty of ±0.06 mPa.s. The pendant drop method (KRÜSS GmbH) was used for testing the surface tension of the pure and the binary liquid mixtures. Each test was conducted in triplicate. The FTIR spectra for the pure and binary liquid mixtures for DBSA-acetone are recorded using (Tensor 37, Bruker) in the range 400-4000 cm 
III. Theory
The experimental density (ρ) data were used for calculating the excess molar volumes (VE) according to the following equation,
Where, x, M, and ρ the mole fraction, molecular weight, and density, respectively. The subscript 1, 2, and m denoted DBSA, acetone, and the DBSA-acetone mixture, respectively.
The deviation in viscosity (Δη) was calculated from the experimental data of viscosity (η) as the following equation,
Where, x, η the mole fraction, and viscosity, respectively. The subscript 1, 2, m denoted DBSA, acetone, and the DBSA-acetone mixture, respectively.
The surface tension deviation (Δσ) was calculated from the experimental data of surface tension (σ) as the following equation,
Where, x, σ the mole fraction, and surface tension, respectively. The subscript 1, 2, m denoted DBSA, acetone, and the DBSA-acetone mixture, respectively.
Molar excess Gibbs free energy of activation (ΔG* E ) was calculated from the experimental molar volume (V) and viscosity (η) data as the following equation,
Where, x, η, R, T, V the mole fraction, viscosity, universal gas constant, absolute temperature, and molar volume, respectively. The subscript 1, 2, m denoted DBSA, acetone, and the DBSA-acetone mixture, respectively.
Excess molar volumes, deviations in the viscosity, surface tension, and molar excess Gibbs free energy for the mixtures of DBSA-acetone were fitted to Redlich-Kister (RK) equation as follow (Tahery, 2017) :
Where, x 1 , x 2 , and A i are the mole fraction of DBSA, mole fraction of acetone, and the binary coefficients, respectively. The coefficients of RK equation are calculated using least squares method and the standard deviation (SD) for the data are calculated using the following relation:
Where, M, N are the number of experimental data and the number of polynomial coefficients, respectively.
IV. Results and Discussion

A. Thermodynamic Properties
The data of density, viscosity, and surface tension for the pure DBSA and acetone were compared with the literature data and presented in Table I . For the binary mixtures of DBSA-acetone, at three temperatures (293.15°K, 298.15°K, and 301.15°K), the density, viscosity, surface tension, excess molar volume, viscosity deviation, surface tension deviation, and molar excess Gibbs free energy were presented in Table II . All the data showed a nonlinear increase or decrease in the property with mole fraction due to the non-ideal behavior of DBSA-acetone binary mixture. The intermolecular and intramolecular interactions between the components were concluded from the non-ideal behavior of the binary system (Gnanakumari, et al., 2007) . The calculated values of the excess molar volumes for the DBSA-acetone binary system exhibited a positive values for all mole fractions and temperatures, as presented in the Table  II and Fig. 1 . Moreover, the values of excess molar volumes increase with increasing temperature. The maximum value of excess molar volume is positioned at 0.4 mole fraction of DBSA.
The same scenario was concluded for the viscosity deviation, but with negative values for all mole fractions and the interpretation of inter-and intra-molecular interaction in the DBSA-acetone binary system, the molar excess Gibbs free energy of activation is calculated and the data are presented in Table II and Fig. 4 . All the calculated values of molar excess Gibbs free energy values are negative for all the mole fractions and temperatures range and have a maximum negative value at a mole fraction of 0.3. The negative values of the molar excess Gibbs free energy increase with increasing temperature. The coefficients and results of the R-K equation for all functions are presented in Table III and for all the functions in the Figs. 1-4 . Moreover, the values of SDs are given in Table III as calculated using the equation (6). (Kumar, et al., 2016) [24] 1056 1055.9 (Kumar, et al., 2016) [24] 39.91 39.89 (Kumar, et al., 2016) [24] Acetone 0.74924 0.74879 (Qian, et al., 2011) [25] 0.33 0.329 (Qian, et al., 2011) Fig. 2 . The deviation of surface tension data for the DBSA-acetone binary system, presented in the Table II and Fig. 3 , are negative at all mole fractions and temperatures and the maximum value is located at about 0.6 mole fraction of DBSA. In addition, the negative values of surface tension are reduced with increasing temperature. As stated in the literature, the molar excess Gibbs free energy of activation had a vital role in the study of the molecular interaction (Bajić, et al., 2013a; 2013b) . For
B. FTIR and Intermolecular Interaction
For the investigation of functional group, molecular structure, inter-and intra-molecular interaction, FTIR play a crucial role (Wei, et al., 2013) . The binary mixture of DBSAacetone system showed a deviation from the ideality and was explained in the previous section that the nonideality and the deviation in the thermodynamic properties was explained due to the intermolecular interaction in hydrogen bonding. Two types of hydrogen bonding can be concluded from the broadening and sharpening of the hydrogen beaks, broadening referred to intermolecular bonding and sharpening referred to intramolecular bonding. The intensity of hydrogen beaks due to the intermolecular bonding was decreased with increasing the dilution until totally it disappears. The FTIR spectrum for the pure DBSA showed S=O stretch at 1345 cm , and 1400 cm −1 due to vibration in the benzene ring, C-H in-plane bending at 1100, 1050 cm −1 (weak band), C-H out-of-plane bending at 750 cm . Clear broad O-H beak at 2900 cm −1 in the pure DBSA is the marked sign of it. With increase the dilution of DBSA, it is clear from the Fig. 5 that the OH stretching vibration beak is shifted to a higher wavenumber in the mixtures due to the intermolecular interaction in hydrogen bonding. Moreover, for pure acetone it has been recognized a strong C=O stretch beak at 1715 cm −1
. After mixing with DBSA there is a slightly shifting in the C=O stretch beak to a higher wave number. The FTIR characterization for the binary mixture of DBSA-acetone showed a weakness in all the present hydrogen bond in the mixture means that the intermolecular interaction between (O-H) of DBSA and (C=O) of acetone are weak (Hasan, et al., 2011) . In the pure case of DBSA and acetone, the intramolecular interaction due to the dispersion is stronger than in the case of their mixtures due to the selfassociation of DBSA or decreasing the dipole-dipole of the acetone molecules. The result of FTIR supported the result of thermodynamic excess where the excess molar volumes were positive.
V. Conclusion
The experimental values of density, viscosity, and surface tension for the pure case of DBSA and acetone liquids at the temperatures (293.15°K, 298.15°K, 301.15°K) and atmospheric pressure are presented in this paper. Excess molar volume, viscosity deviation, surface tension deviation, and molar excess Gibbs free energy deviation are calculated at the above-mentioned temperatures and correlated to the RK equation. FTIR spectrum of the DBSA-acetone mixture shows a weak intermolecular hydrogen bonding interaction between the molecules of DBSA and acetone. The result of molar excess Gibbs free energy deviation supports the above conclusion of FTIR where the excess molar volume is positive. The intramolecular interaction is strong in the case of pure DBSA and acetone due to the self-association of DBSA molecule or decreasing the dipole-dipole of acetone molecule. The calculated values of excess molar volume are positive for all the temperatures ranging from 293.15°K to 301.15°K. while, the values of viscosity deviation, surface tension deviation, and molar excess Gibbs free energy deviation are negative for all the temperatures studied. 
